Based on revisions of Gleason scoring in 2005, it has been reported that nodal metastases at radical prostatectomy in Gleason 3 þ 3 ¼ 6 (GS6) prostate cancer are extremely rare, and that GS6 cancers with nodal metastases are invariably upgraded upon review by academic urological pathologists. We analysed the prevalence and determinants of nodal metastases in a national sample of patients with GS6 cancer. We utilised the SEER database to identify patients diagnosed with GS6 prostate cancer during 2004-2010 who had radical prostatectomy and 1 lymph node(s) examined. We calculated the prevalence of nodal metastases and constructed a multivariable logistic regression model to identify factors associated with nodal metastases. Among 21,960 patients, the prevalence of nodal metastases was 0.48%. Older age, preoperative PSA >10 ng/mL, and advanced stage were positively associated with nodal metastases. Lymph node metastases in GS6 cancer are more prevalent in a nationwide population compared to academic centres. Revised guidelines for Gleason scoring have made GS6 cancer a more homogeneously indolent disease, which may be relevant in the era of active surveillance. We submit that lymph node metastases in GS6 cancer be used as a proxy for adherence to the 2005 ISUP consensus on Gleason grading.
INTRODUCTION
The Gleason scoring system was originally created in 1966, and has endured as an important prognosticator for prostate cancer. 1, 2 The scoring system has evolved over time, and in 2005, the International Society of Urological Pathology (ISUP) created a new consensus on Gleason scoring to address prior areas of controversy and architectural patterns that were not accounted for in the original scoring system. 3 According to the new consensus, a subset of irregular cribriform glands were re-classified from pattern 3 to pattern 4.
After applying the new 2005 ISUP consensus grading system to radical prostatectomy specimens, Ross et al. observed that no lymph node metastases occurred in Gleason score 3 þ 3 ¼ 6 (GS6) prostate cancers. 4 All patients who were diagnosed with GS6 cancer with lymph node metastases were upgraded to Gleason score 7 or higher upon re-review of pathology. If the new ISUP consensus on Gleason scoring accurately predicts a subset of patients who do not have lymph node metastases, Gleason scoring takes on an even more important role in prognostication and selection of patients for active surveillance. These prior findings based on patients treated at four large academic centres with specialised genitourinary pathologists have yet to be confirmed in the general population. Therefore, we utilised nationwide population-based Surveillance Epidemiology and End Results (SEER) data to examine the prevalence of lymph node metastases in patients diagnosed with GS6 prostate cancer at radical prostatectomy and its association with demographic and clinicopathological characteristics.
MATERIALS AND METHODS
We used the publicly available SEER 18 database 5 to identify prostate cancer patients diagnosed with GS6 on final pathology after radical prostatectomy between 2004 and 2010. Beginning in 2004, SEER registries began recording primary and secondary Gleason pattern in the pathological specimen, whereas in prior years complete Gleason scores were not available. We selected patients who were diagnosed with prostate adenocarcinoma, and excluded those who were diagnosed solely on autopsy or death certificates. We included patients diagnosed with GS6 cancer who had undergone radical prostatectomy and had at least one regional lymph node examined. We identified data on preoperative prostate specific antigen (recorded as highest pretreatment PSA), age at diagnosis, clinical and pathological T stage, year of surgery, race/ethnicity, rural/urban status, and regional SEER registry. Medians were compared using the Kruskall-Wallis test. Differences in distributions of categorical data were compared using the chisquared test or Fisher's exact test when 20% of the cells had an expected cell count of less than five. We constructed a multivariate logistic regression model to examine the association between the presence of lymph node metastases in patients diagnosed with GS6 disease with age, pathological T stage, race/ethnicity, urban versus rural, year of diagnosis and preoperative PSA stratified in accord with D'Amico risk criteria as 10 and >10 ng/mL. Covariates for the model were selected based on statistical significance on univariate analysis and other variables hypothesised to be relevant to disease staging (e.g., PSA, clinical stage) or potentially related to adoption of the ISUP guidelines (e.g., urban versus rural, race/ethnicity). All data analysis was performed using SEER*Stat version 8.0.1 (seer.cancer.gov/seerstat) and SAS version 9.3 (SAS Institute, USA).
RESULTS
A total of 385,048 patients with prostate adenocarcinoma were identified, of whom 141,384 were diagnosed with GS6 prostate cancer. Of the patients diagnosed with GS6 prostate cancer, 45,380 had undergone radical prostatectomy, and of those, 21,989 had at least one lymph node examined. Of the patients who had lymph nodes examined, 29 (0.13%) had unknown Pathology (June 2014) 46(4), pp. 306-310 4 Compared to patients who did not undergo lymph node dissection, patients who underwent lymph node dissection had a slightly higher median PSA level (5.3 versus 5.0 ng/mL), more clinical cT2 disease (37 versus 33%), and more pathological pT3/4 disease (6.3 versus 4.7%); the median age at diagnosis was 60 years in both groups.
Baseline demographic and diagnostic characteristics of the patients diagnosed with GS6 prostate cancer, with and without positive lymph nodes, are shown in Table 1 . Median preoperative PSA was slightly higher for patients with lymph node metastases than those without metastases (5.75 versus 5.30 ng/mL, respectively) although this was not statistically significant. Patients with positive lymph nodes were older than those without positive lymph nodes (62 versus 60 years old, p ¼ 0.03). There were significantly more patients with clinical stage cT2 disease or greater among those with lymph node metastases compared to those without metastases (54% versus 37%, p ¼ 0.0001). Similarly, more patients with lymph node metastases had pathological stage pT3 or pT4 disease than those without metastases (25% versus 6%, p < 0.0001). The prevalence of lymph node metastases in patients diagnosed with GS6 prostate cancer varied over the study period (p het ¼ 0.06) without a clear trend (p trend ¼ 0.31, Fig. 1 ). There were no clear differences in the distribution of geographical regions between the two groups.
We constructed a multivariable logistic regression model to examine the association of age, race, preoperative PSA, pathological T stage, and year of diagnosis with the presence of lymph node metastases in patients diagnosed with GS6 disease Table 1 Men with GS6 prostate adenocarcinoma who underwent radical prostatectomy with 1 lymph node examined, 2004-2010 ( Table 2 ). We found that older age, PSA >10 ng/mL, and pT3 or higher stage were all significantly correlated with the presence of positive lymph nodes.
DISCUSSION
We found that approximately 0.5% of patients nationwide who were diagnosed with GS6 disease had lymph node metastases at the time of radical prostatectomy during 2004-2010. Patients with lymph node metastases were older, had higher PSA levels, and more advanced stage disease. Previous studies from academic medical centres have reported that 0-2.3% of patients diagnosed with GS6 disease had lymph node metastases. 4, 6 Variations in the prevalence of nodal metastases could be explained by systematic and non-systematic changes in Gleason scoring over time, as well as differences in interpretation of the architectural patterns by pathologists. These discrepancies are increasingly important in patient care with the increased emphasis on active surveillance approaches for patients with low risk, GS6 cancer on biopsy. 7, 8 In its original formulation, the Gleason scoring system classified prostate adenocarcinomas into five architectural patterns that could be reproducibly recognised and that correlated with outcome in a prostate biopsy population. 2, 9 After widespread adoption, follow-up studies documented problems with the reproducibility of architectural patterns 1, 2 and 3, particularly in biopsy samples. 10 In addition, cribriform patterns, previously characterised as pattern 3, were found to have outcomes more consistent with pattern 4.
11 Changes in Gleason grading have been gradually incorporated in a non-systematic fashion in some community and academic practices over many years, and this drift toward assigning higher grades has been referred to as the Will Rogers effect. 12 The noted impact of grade drift is that outcomes for both low grade (e.g., GS6) and intermediate grade cancers tend to improve, since cancers of intermediate risk are moved from the low risk category into a high risk category. Disparities in application of Gleason grading as originally described, as well as grade drift, likely account for the differences in outcomes for patients of similar grades between patient series, including differences in the prevalence of lymph node metastases in men diagnosed with GS6 cancer at the time of radical prostatectomy. 4, 6 Although this drift in Gleason grading was thought to erode the predictive value across the spectrum of Gleason scores, it does have important implications for prognostication of patients with low grade disease in contemporary practice, and by extension, for selection of patients for active surveillance.
The ISUP 2005 consensus conference attempted to address some of the discrepancies in Gleason scoring by incorporating the modifications that had been reported since the grading system gained widespread use. In the study by Ross et al., only 22 of over 14,000 patients (0.16%) treated at four large academic centres between 1975 and 2010 had lymph node metastases at the time of radical prostatectomy, and most cases occurred prior to 2004. 4 Re-grading of the 19 available cases using ISUP 2005 consensus criteria resulted in upgrading of all cases, meaning that no case diagnosed as GS6 prostate cancer had lymph node metastases. One important implication of Ross et al.'s study is that it suggests that the ISUP 2005 consensus is an outstanding prognostic tool, particularly for selecting patients with GS6 cancer for active surveillance, since none had lymph node metastases. Since many active surveillance protocols use GS6 as a threshold for selection, 13, 14 the ability to identify with confidence prostate cancer without associated lymph node metastasis is reassuring for patients and physicians, although sampling issues in biopsy specimens could result in underestimating Gleason score on biopsy. 15 Despite this limitation, new methods are being developed to improve accuracy of grade assessment. As new tools are developed for accurately identifying patients with GS6 prostate cancer, such as molecular imaging or gene-based assays, 16 acceptance of active surveillance could increase.
The finding of no or low lymph node metastases in patients diagnosed with GS6 prostate cancers is in agreement with the low mortality rates observed in radical prostatectomy series of patients with pathologic GS6 cancer. In a series of 764 patients with detailed pathological characterisation, no patient with GS6 died of prostate cancer regardless of tumour volume. 17 At Johns Hopkins, only one death attributable to prostate cancer was recorded in 2159 patients diagnosed with GS6 cancer at radical prostatectomy during 10 years in long-term follow-up, and five (0.23%) of these patients had lymph node metastases. 18 The overlap of study periods and medical centre with Ross et al. make it likely that these patients would have been upgraded upon re-review. 4 Our study goal assessed the prevalence of lymph node metastases in patients diagnosed with GS6 cancers in a nationally representative population, predominantly after the ISUP 2005 consensus recommendations on Gleason grading. An important strength of our study is that the findings provide insights into the practice patterns of scoring GS6 nationally compared to what is observed at large academic medical centres. By using the SEER database, we were able to assess a larger number of patients from more institutions that is more reflective of contemporary national practice patterns. Our study not only demonstrates a higher overall prevalence of lymph node metastases in patients diagnosed with GS6 cancers but also reflects a period mostly after the 2005 ISUP consensus statement on Gleason scoring (2004 Gleason scoring ( -2010 . Our findings suggest that the pathological grading of prostatectomy specimens in a contemporary national sample does not reflect the practice patterns of academic urological pathologists. The temporal relationship in the rate of nodal metastases in patients diagnosed with GS6 prostate cancer in SEER is variable, suggesting that the higher rate of positive lymph nodes reflects more than just a delay in adoption of the ISUP guidelines. It is possible that the differences in the prevalence of nodal metastases in patients diagnosed with GS6 prostate cancer could be due to differences in the pathophysiology of disease in patients from community and academic centres. However, re-review of prostate needle biopsies obtained in the community by an experienced genitourinary pathologist resulted in grade reassignment in 14.7% of cases. 19 Therefore, a more likely explanation for the higher prevalence of lymph node metastases nationwide is non-uniform adherence to the ISUP 2005 consensus statement on Gleason scoring. The prevalence of positive lymph nodes in patients diagnosed with GS6 cancer could serve as a proxy for assessing adherence to the 2005 ISUP consensus statement on Gleason grading. The distinction between Gleason 3 and 4 disease, and by extension the ability to confidently predict a patient will not develop nodal metastases, is of significant clinical importance for urologists selecting patients for active surveillance or adjuvant hormonal therapy in patients treated with radiation therapy for clinically localised prostate cancer. Thus, variability of adherence to the ISUP guidelines is of interest to both urologists and pathologists alike.
Our study is limited by the small number of patients diagnosed with GS6 cancer who were found to have lymph node metastases at radical prostatectomy. Because many physicians do not perform lymph node dissections in patients with low risk disease, we were limited in the number of patients we could include in our study. This may reduce statistical power to determine other factors associated with lymph node metastases in this cohort of patients. Approximately half of patients undergoing radical prostatectomy underwent lymph node dissection. Patients who underwent lymph node dissection had a slightly higher PSA and slightly more cT2/3/4 and pT3/4 disease. It is possible that selection bias toward performing lymph node dissection in patients with higher PSA levels and more advanced disease resulted in the increased rate of lymph node metastases in patients diagnosed with GS6 disease, however, the differences between the two groups were small and may not be clinically significant. Because this is a retrospective study of SEER, we are not able to obtain review of the pathology of lymph node positive patients to determine if they would have been reclassified using the 2005 ISUP criteria to validate the findings of Ross et al. 4 Finally, it is unlikely that Gleason scoring can be made completely uniform and reproducible among pathologists because of grey areas requiring subjective interpretation. For example, in a study of Gleason scoring interpretation of biopsies by a group of academic urological pathologists, interobserver agreement for some traditional Gleason patterns was excellent, whereas for others (i.e., the distinction of poorly formed glands from tangentially sectioned well-formed glands), it was only fair. 20 Our analysis of a nationally representative patient population suggests that lymph node metastasis is rare among patients diagnosed with GS6 cancer in contemporary practice. However, the prevalence nationwide is higher than that reported at large academic centres. We submit that the presence of lymph node metastases could be used as a performance marker for accuracy of pathological grading in GS6 prostate cancer in radical prostatectomy specimens.
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